H igh rates of hospitalisation have been recognised in young children during influenza seasons for decades. 1 It has however been difficult to separate the contribution of influenza from other respiratory viruses, particularly respiratory syncytial virus (RSV). RSV is thought to be the principal cause of lower respiratory disease in young children 2 3 and often circulates concurrently with influenza viruses. However, influenza may contribute more to the burden of respiratory disease than is indicated by routinely available data. Underestimation may result from variation in diagnostic practices, such as the extent of virological testing and the coding of principal hospital discharge diagnoses as due to secondary bacterial infection or exacerbation of chronic medical conditions. As the impact of influenza varies considerably from year to year, depending on herd immunity and the virulence of circulating strains, disease burden must be measured over a number of years. 4 Recent studies in the United States [2] [3] [4] and Hong Kong 5 have used differing methods to estimate the burden of hospitalisation for acute respiratory disease 2 5 and acute cardiopulmonary conditions 3 4 attributable to influenza in children. These studies present disparate findings but all conclude that significant morbidity can be attributed to influenza virus, even in healthy young children. This has stimulated debate over the potential economic benefits across all ages of universal immunisation of young children. 2 3 6 7 The Advisory Committee on Immunisation Practice in the United States has recently recommended routine influenza vaccination, requiring two doses of the current inactivated vaccine, for all children aged 6-23 months. 8 Delivery of two additional annual injections is likely to create substantial logistic difficulties. However, the recent advent of an effective and well tolerated intranasal influenza vaccine 9 10 could enhance the feasibility and acceptability of such an intervention, if the vaccine is licensed for younger age groups and becomes more widely available at an acceptable cost. Advisory bodies in countries other than the USA will require locally applicable data on influenza burden to inform their recommendations, as influenza burden in populations is influenced by climate, age structure, and prevalence of comorbidities. [2] [3] [4] [5] Data on influenza burden in Australian children are limited to those routinely available from hospital discharge coding data sets. 11 12 Internationally, published data from application of indirect estimation methods have been limited to Hong Kong and the United States. [2] [3] [4] [5] Our study had two objectives. First, to apply the methods used in published studies elsewhere 2 5 to Australian data to estimate the burden of influenza related hospitalisations in young children. Second, we wished to compare these estimates with each other and those similarly derived in the United States and Hong Kong, as well as with Australian data for hospitalisations coded with influenza as the principal diagnosis, in order to determine the most feasible and appropriate methods for routine application in other settings.
METHODS

Data sources
We used existing sources of data on hospitalisations and laboratory identified viral isolates to construct retrospective population based data sets, limited by age and area of residence, in order to calculate rates of hospitalisation for acute respiratory disease attributable to influenza.
Hospitalisation data were obtained from the New South Wales (NSW) Inpatient Statistics Data Collection. This collection contains information on all hospital admissions, to both public and private hospitals, in NSW, Australia, since mid-1993. We accessed these data via HOIST (Health Outcomes Indicator Statistical Toolbox), a NSW Department of Health population data access and analysis facility. 13 We obtained de-identified data on children aged less than 18 years, resident in the Sydney Statistical Division, with a discharge diagnosis of acute respiratory disease (codes 460-496 or 510-519 of the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) or, using forward mapping tables from the National Centre for Classification in Health, Australia, equivalent codes of the International Classification of Diseases, 10th Revision, Australian Modification (ICD-10-AM)). Australian Bureau of Statistics mid-year estimates for the Sydney Statistical Division were used to define the population at risk and to calculate incidence rates.
We obtained virological surveillance data from the Laboratory Virology and Serology Reporting Scheme, a passive surveillance scheme based on voluntary reports by laboratories around Australia. 14 De-identified data were obtained relating to reports between 1 January 1994 and 31 December 2001 of influenza virus, RSV, and parainfluenza virus in children less than 18 years of age and resident in the Sydney Statistical Division, from all major laboratories that processed specimens from hospitalised children in Sydney and reported over this period. Using these data we conducted an exploratory analysis of seasonal patterns by year and virus to identify suitable study periods (see below).
Study methods
Study period
The methods used in a published study from Hong Kong 5 (our Method 1) were applied to a single year (2000) only, as this was the only year with relatively distinct separation of the influenza and RSV seasons, a requirement for this method to be effective. 5 The methods used in a published study from the United States 2 (our Method 2) were able to be applied to the entire study period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . Minor modifications to the methods presented in the original reports were made, as described below.
Estimating influenza related hospitalisations
Methods 1 and 2
Both Methods 1 and 2 required a comparison between the weekly hospitalisation rates for acute respiratory disease during periods of high influenza activity and low RSV activity (influenza predominant periods) with rates during periods where both influenza and RSV activity were low (baseline periods). 2 5 We calculated mean weekly hospitalisation rates per 100 000 population by age group for each comparison period as the number of cases divided by the number of weeks in the period, multiplied by 100 000 and divided by the population at risk. We subtracted baseline rates from influenza predominant period rates to determine excess weekly rates attributable to influenza. We then derived annual rates of hospitalisation attributable to influenza by multiplying excess weekly rates by the number of weeks during the influenza predominant period; 95% confidence intervals were calculated using the normal approximation to the Poisson distribution.
Method 3
For Method 3, hospitalisations where influenza was recorded as the principal discharge diagnosis were identified for both 2000 and the entire study period.
We calculated annual hospitalisation rates per 100 000 population by age group. The period in which influenza predominated was defined as all periods of two or more consecutive weeks in which at least 4% of annual cases of virologically confirmed influenza and less than 2% of annual cases of virologically confirmed RSV were recorded. The baseline period was defined as all periods of two or more consecutive weeks in which both influenza and RSV diagnoses were less than or equal to 1% of their annual totals. The figure of 1% was chosen, rather than 2% as in the original Hong Kong study, 5 because the more pronounced seasonal variation in Sydney allows this more rigorous definition.
Method 2 2
The period in which influenza predominated was defined as all periods of two or more consecutive weeks, between April and November (modified from between October and May in the original American study 2 due to our Southern Hemisphere setting), in which at least 5% of annual cases of virologically confirmed influenza were recorded and less than 5% of annual cases of RSV were recorded. The periseasonal baseline period was defined as all periods of two or more consecutive weeks, between April and November, in which both influenza and RSV diagnoses were less than 5% of the annual total and in which no isolates of parainfluenza virus were detected. While the original study defined the summer baseline period as all two week periods with no isolates of influenza, RSV, or parainfluenza, 2 sporadic isolates throughout summer in our surveillance data reduced the utility of this definition. We therefore defined the summer baseline period as the first four weeks of each year, this period having consistently low viral activity across all study years. For each period defined above, all such weeks during the entire study period were combined for analysis.
Method 3
No comparison periods were required-all weeks in the relevant year or years were combined as the study period.
Eligible hospital discharge codes
Method 1 5
Hospitalisations for acute respiratory disease in which ICD-9-CM codes 460-466 or 480-487 (or equivalent ICD-10-AM codes) were listed as one of the discharge diagnoses, as in the original Hong Kong study. Hospitalisations for acute respiratory disease in which ICD-9-CM codes 460-496 or 510-519 (or equivalent ICD-10-AM codes) were listed as one of the discharge diagnoses, as in the original American study. 2 
Method 3
Hospitalisations in which influenza (ICD-9-CM code 487 or ICD-10-AM codes J10 and J11) was listed as the principal discharge diagnosis.
Comparison with other studies
In order to compare our findings with those from previous studies, 2 5 we recalculated the annual rates of hospitalisation attributable to influenza for specific age groups using the data presented in the studies and the analytical methods described for our Methods 1 and 2. Rates and CIs rounded to whole numbers. 1Using summer baseline. ôUsing periseasonal baseline.
RESULTS
Comparison periods
Method 1
In 2000 there were seven weeks in which the circulation of influenza predominated relative to that of RSV. There were 15 weeks when both influenza and RSV activity was low (baseline period).
Method 2
During the entire study period from 1994 to 2001 there were 27 weeks during which the circulation of influenza predominated relative to that of RSV. In individual years the period during which the circulation of influenza predominated varied from zero (1995 and 1999) to five (1994, 1997, and 1998) weeks. Between 1994 and 2001, there were 21 weeks from April to November when both influenza and RSV activity were low (periseasonal baseline period). During individual years the periseasonal baseline period varied from zero (1996 and 1999) to six (2000) weeks. By definition, the summer baseline period was 32 weeks.
Influenza related hospitalisation rates
Method 1
Weekly hospitalisation rates for acute respiratory disease among Sydney children in 2000 during periods in which influenza predominated and during baseline periods are shown in table 1, along with derived annual rates of hospitalisation attributable to influenza.
Method 2
Weekly hospitalisation rates for acute respiratory disease among Sydney children during periods in which influenza predominated and during baseline periods from 1994 to 2001 are shown in table 2 (summer baseline) and table 3 (periseasonal baseline), along with derived annual rates of hospitalisation attributable to influenza.
Method 3
Hospitalisation rates where influenza was coded as the principal discharge diagnosis are included in table 4. From mid-1997, when the introduction of ICD-10-AM codes permitted differentiation by virological confirmation status, 82% of hospitalisations overall (and 90% of those in children under 2 years of age) where influenza was coded as the principal discharge diagnosis were recorded as virologically confirmed.
All methods combined
Annual rates of hospitalisation among Sydney children attributable to influenza are shown in table 4 for each of our study methods. Rates were consistently highest in the youngest age groups and progressively decreased with increasing age. Estimated rates of excess hospitalisation for acute respiratory disease attributable to influenza (Methods 1 and 2) were generally higher than the rates of hospitalisation calculated where influenza was coded as the principal discharge diagnosis (Method 3). Depending on the method used, they were 2-9 times higher for children under 1 year of age; 2-7 times higher for children 1-2 years of age; and up to 11 times higher for older age groups.
Comparison with previous findings
Annual rates of hospitalisation attributable to influenza, for our study and selected previous studies, are presented in table 5.
DISCUSSION
As with previous studies, we found rates of hospitalisation attributable to influenza were consistently highest in young children and progressively decreased to age 18 years. Our methods for estimating excess hospitalisation produced annual rates attributable to influenza in children that were, depending on the method and age group, between 2 and 11 times higher than the rate calculated from hospitalisations where influenza was coded as the principal discharge diagnosis. The latter would be expected to be a minimum estimate of disease burden. While Method 1 produced the highest estimates overall, it relied on data from a single year (2000) in which hospitalisation rates where influenza was coded as the principal discharge diagnosis were considerably higher in children under 2 years of age, compared to the average for the entire study period.
Our estimates of hospitalisation for acute respiratory disease attributable to influenza were appreciably lower than estimates from Hong Kong, 5 but higher than those from a previous United States study. 2 These United States estimates excluded children with high risk underlying conditions and are therefore not directly comparable to our own. Previous studies have found 3-10% of children to be at increased risk, 2 4 5 with the relative risk (RR) of hospitalisation for acute respiratory disease in high risk children being lower in children under 2 years of age (RR = 4-5) than in children 2 years of age or older (RR = 13-21). 2 This could explain some of the differences between our rates and those from the United States. Some of the differences between our results and those from other studies may also be due to actual variation in incidence between countries and over time.
However, there is considerable uncertainty as to whether influenza can be held responsible for all, or even most, of the morbidity attributed to it by the various methods used to estimate excess hospitalisations due to influenza. The methods used in the American study, 2 on which our Method 2 is based, may not be very effective at accounting for confounding by RSV. 6 As RSV is known to be responsible for a large number of hospitalisations for acute respiratory disease in children under 2 years of age, 15 influenza predominant periods defined by relative levels of activity could still contain higher levels of RSV activity in absolute terms. The methods used in the Hong Kong study 5 on which our Method 1 is based, are preferable where influenza and RSV seasons are separate. However, while the Hong Kong study found a strong temporal correlation between virologically confirmed influenza activity and peaks in hospitalisation for acute respiratory disease, 5 this correlation was not as marked for the single year analysed in our study. We are therefore less able to exclude confounding effects of other respiratory viruses such as RSV or annual variations in environmental factors such as temperature and humidity. More sophisticated modelling, for example accounting for environmental variables through time series analyses, may be useful to explore these issues.
Our study is however useful in that it quantifies the differences between estimates of influenza related burden of illness produced by existing and relatively straightforward methods. While the estimates using excess hospitalisation methods could overestimate disease burden, even the minimum estimates of influenza disease burden derived from principal discharge diagnoses of influenza are substantial and warrant consideration of routine influenza immunisation for all children under 2 years of age. Influenza related morbidity in older people is more widely recognised and has driven routine annual vaccination recommendations in most industrialised countries, including the United Kingdom. However, rates of hospitalisation for influenza are higher in young children than in the elderly in Australia (fig 1) , although median length of stay per admission and death rates recorded as due to influenza are lower-half and one tenth respectively for children under 5 years of age compared to adults over 60. 12 Data such as those presented here for children are routinely available in many settings and may be sufficient to inform local recommendations on influenza immunisation. Intensive use of virological analyses in all children hospitalised with acute respiratory disease would improve the accuracy of these routinely available data.
